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Description 

FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  ink-jet  nozzles  gen-  s 
erally,  and  more  particularly  to  a  micro-scale  nozzle 
used  in  high  resolution  color  printing. 

BACKGROUND  OF  THE  INVENTION 
10 

Ink-jet  printers  have  rapidly  gained  in  popularity  as 
a  means  for  generating  high  quality  gray  scale  and  color 
images  from  computer  sources.  Because  of  the  large 
drop  size  produced  by  most  ink-jet  printers,  the  color 
and  gray  scale  images  they  produce  are  limited  to  less  is 
than  100  color  or  gray  tones.  Although  this  is  adequate 
for  certain  applications  such  as  bar  graphs  and  pie 
charts,  it  is  unquestionably  inadequate  for  making  accu- 
rate  representations  of  real-world  colors  and  does  not 
approach  a  photographic  appearance.  20 

An  ink-jet  device  makes  color  images  by  physically 
mixing  ink  on  the  print  medium  to  obtain  a  desired  color. 
Inks  for  a  color  ink  jet  printer  are  generally  selected  from 
one  or  more  of  black,  magenta,  cyan,  and  yellow. 

Presently  known  devices  operating  at  300  dpi,  25 
wherein  each  of  the  dots  are  sized  to  fill  a  0.08  x  0.08 
mm2  picture  element  (pixel)  for  example,  are  limited  in 
the  color  density  and  shade,  and  thus  realism  that  they 
can  provide  as  a  result  of  this  limitation.  However,  as  the 
number  of  ink  droplets  deposited  per  pixel  is  increased  30 
by  making  the  droplets  smaller,  it  is  possible  to  apply  a 
sufficient  number  of  droplets  of  ink  within  a  pixel  to 
obtain  natural  coloring.  With  respect  to  gray  scale  print- 
ing,  it  similarly  allows  a  greater  number  of  shade  levels. 
It  is  known  that  a  distribution  of  zero  to  thirty  droplets  35 
per  0.08  x  0.08  mm2  pixel,  per  color  creates  hundreds  of 
different  density  levels  per  color  discernable  by  the 
human  eye.  Thus,  it  would  be  desirable  to  provide  a 
group  of  nozzles  capable  of  providing  thirty  or  more 
droplets  per  pixel.  40 

In  addition  to  the  appropriate  control  software  and 
inks,  the  above  described  color  image  production  using 
ink-jet  technology  requires  an  ink  nozzle  capable  of 
consistently  dispensing  the  very  small  droplets  of  ink. 
Any  dispersion  of  ink  caused  by  imperfections  in  the  ink  45 
nozzle  has  disastrous  consequences  for  print  quality, 
especially  when  the  spray  pattern  of  four  nozzles  must 
be  coordinated. 

In  order  to  obtain  photographic  quality  gray  scale 
and  color  images  using  an  ink-jet  device,  an  ink  nozzle  so 
with  an  orifice  approximately  1  5  microns  or  less  in  diam- 
eter  is  required.  It  is  known  in  the  art  to  fabricate  ink 
nozzles  from  glass,  but  because  of  the  difficulty  in  man- 
ufacturing  a  nozzle  from  a  glass  tube  having  such  a 
small  orifice  size,  it  is  desirable  to  provide  a  method  of  ss 
consistently  providing  nozzles  of  the  precise  dimen- 
sions  needed. 

One  prior  art  ink  nozzle  is  illustrated  in  U.S.  Patent 
No.  3,393,988  to  Blumenthal,  wherein  a  nozzle  having 

an  orifice  0.003  to  0.0004  inches  is  formed  by  heating 
the  lower  end  of  a  vertically  oriented,  low  melting  point, 
glass  tube  with  a  flame  burner  until  it  melts  into  a  tear- 
drop  shape  under  the  influence  of  gravity,  thereby  form- 
ing  a  converging  inner  passage  that  is  abruptly  tapered 
(60°  to  90°  with  respect  to  the  central  axis  of  the  pas- 
sage).  Glass  at  the  end  of  the  tube  is  then  removed  to 
establish  an  abruptly  converging  passageway  with  a 
central  orifice  which  is  subsequently  flame  polished  to 
provide  smooth  surfaces. 

It  should  be  noted  that  Blumenthal's  requirement 
that  the  tube  be  oriented  vertically,  due  to  the  tech- 
nique's  reliance  on  the  force  of  gravity,  is  a  severe  man- 
ufacturing  limitation.  It  should  also  be  noted  that 
Blumenthal  specifically  teaches  away  from  a  gently 
tapered  converging  portion  leading  to  the  orifice.  Were 
such  an  abruptly  tapered  end  as  shown  in  Blumenthal 
be  ground  in  an  attempt  to  provide  an  orifice  ten  times 
smaller,  with  the  perfection  and  symmetry  required  by 
photographic  quality  color  printing,  the  results  would  be 
uncertain.  Furthermore,  even  if  a  15  micron  or  less 
diameter  orifice  were  to  be  obtained,  the  flame  polishing 
step  of  Blumenthal  would  produce  an  unacceptable 
change  in  the  diameter  of  the  orifice  with  respect  to  the 
requirements  for  the  above  described  color  printing 
application. 

The  drawing  or  pulling  method  of  making  a  con- 
verging  passage,  specifically  rejected  by  Blumenthal,  is 
described  in  U.S.  Patent  Nos.  3,985,535  and  4,1  1  1  ,677. 
As  Blumenthal  indicates,  drawing  a  glass  tube  causes  a 
reduction  in  passage  diameter  gradually  over  such  an 
extended  distance  that  it  causes  fluid  flow  problems.  In 
order  to  draw  a  glass  tube,  a  relatively  large  portion  of 
the  tube  must  be  made  molten  and  glass  in  its  molten 
state  is  very  hard  to  dimension  with  accuracy. 

Additionally,  pulling  a  heated  glass  tube  to  cause 
narrowing  of  a  central  passage  causes  a  concomitant 
reduction  in  wall  thickness.  The  resulting  drawn  portion 
of  the  glass  tube  is  therefore  extremely  fragile  even  at 
the  diameters  taught  by  Blumenthal,  and  is  extraordi- 
narily  so  in  a  tube  one  tenth  the  size.  The  susceptibility 
of  the  drawn  glass  nozzle  to  material  failure  is  exacer- 
bated  by  the  forces  applied  by  a  mechanically  stimu- 
lated  piezo-electric  crystal  used  in  some  ink-jet  devices 
to  assist  in  uniform  droplet  formation.  Reinforcement  of 
the  fragile  drawn  tube  is  demonstrated  in  a  fluid  dis- 
pensing  device,  the  9103557E173E  manufactured  by 
Siemens-Elma  AB  of  Sweden,  which  provides  a  metal 
sheath  over  the  tube,  except  in  the  area  of  the  orifice 
where  the  tube  is  uncovered. 

Therefore,  in  addition  to  the  other  above-recited 
features  lacking  in  the  prior  art,  it  would  be  desirable  to 
provide  a  tube-  having  an  inner  wall  leading  to  an  orifice 
with  a  less  extensive  taper  than  a  drawn  tube,  yet  more 
taper  than  the  Blumenthal  tube,  with  an  orifice  in  the  fif- 
teen  micron  or  less  range.  It  would  further  be  desirable 
to  form  such  a  tube  without  weakening  it  so  that  it  is 
unmanageably  fragile  or  so  that  it  requires  reinforce- 
ment. 
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SUMMARY  OF  THE  INVENTION 

In  surmounting  the  foregoing  disadvantages,  the 
present  invention  provides  a  fluid-dispensing  nozzle 
having  an  inner  passage  that  tapers  to  an  orifice 
approximately  fifteen  microns  or  less  in  diameter,  mak- 
ing  possible  the  creation  of  photographic-quality  gray 
scale  and  color  images  using  an  ink-jet  printer.  The  noz- 
zle  provides  a  perfectly  symmetrical  fluid  dispensing 
inner  passage  having  a  gentle  taper  formed  without 
pulling  or  drawing  the  glass  tube,  and  can  be  fabricated 
in  any  orientation  from  the  horizontal  to  the  vertical.  The 
inner  passage  provides  a  taper  having  an  angular 
change  with  respect  to  the  axis  of  symmetry  of  the  noz- 
zle  sufficient  to  minimize  fluid  flow  problems  encoun- 
tered  in  drawn  tubes  without  being  an  abrupt  taper, 
while  the  outer  diameter  of  the  nozzle  in  the  area  of  the 
orifice  is  at  least  as  large  as  along  the  remainder  of  the 
nozzle's  length.  The  nozzle  is  fabricated  so  that  excep- 
tional  accuracy  is  possible  during  an  orifice  dimension- 
ing  step  of  fabrication.  Furthermore,  the  nozzle  is 
sufficiently  robust  to  withstand  repeated  vibration  and 
sudden  printhead  movement  without  reinforcement. 

In  accordance  with  the  invention,  a  nozzle  for  an 
ink-jet  nozzle  is  provided  having  a  gradually  converging 
inner  diameter  leading  to  an  orifice  less  than  1  5  microns 
in  diameter  and  having  an  outer  nozzle  diameter  proxi- 
mate  the  orifice  at  least  as  great  as  the  outer  diameter 
at  other  points  along  the  nozzle. 

The  nozzle  is  produced  by  heating  a  tube  while 
rotating  it,  until  a  portion  of  the  tube  is  sufficiently  vis- 
cous  to  cause  the  inner  diameter  to  converge  at  an 
angle  between  5  and  25  degrees  with  respect  to  the 
axis  of  symmetry  of  the  tube,  and  until  the  inner  diame- 
ter  is  less  than  a  selected  orifice  diameter.  A  length  of 
tube  is  then  removed  having  an  inner  diameter  less  than 
the  selected  orifice  diameter  and  mechanically  shaped 
to  the  correct  hole  size. 

The  ink-jet  nozzle  of  the  invention  is  central  to  a 
printing  process,  wherein  a  printhead  having  a  plurality 
of  nozzles  supplied  with  ink  is  responsive  to  a  computer 
system  capable  of  generating  color  raster  image  data. 
In  accordance  with  the  color  raster  image  data,  the 
printhead  deposits  ink  droplets  from  one  or  more  of  the 
nozzles  in  the  pixels  required  to  form  a  two-dimensional 
image.  The  nozzles  are  supplied  with  black  ink  for  gray 
scale  images  and  differently  colored  inks  for  color 
images. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

A  more  complete  understanding  of  the  present 
invention  and  attendant  advantages  and  features 
thereof  will  be  more  readily  understood  by  reference  to 
the  following  detailed  description  when  considered  in 
conjunction  with  the  accompanying  drawings  wherein: 

Fig.  1  is  a  perspective  view  of  a  printhead  for  a  color 
printer  having  four  ink  nozzle  assemblies; 

Fig.  2  is  a  cross-sectional  view  of  one  of  the  ink 
nozzle  assemblies,  taken  along  line  2-2  of  Fig.  1  ; 
Fig.  3  illustrates  formation  of  variably  sized  dots  and 
their  placement  within  a  pixel  using  the  nozzle  illus- 

5  trated  in  Fig.  2; 
Fig.  4  is  an  enlarged  cross-sectional  view  of  the 
nozzle  of  Fig.  2; 
Fig.  5  is  a  partially  schematic,  partially  block  dia- 
gram  illustration  of  an  apparatus  useful  in  produc- 

10  ing  the  nozzle  of  Fig.  4;  and 
Fig.  6  is  a  sectional  illustration  of  a  glass  tube  after 
operation  of  the  apparatus  illustrated  in  Fig.  5. 

DETAILED  DESCRIPTION  OF  A  PREFERRED 
15  EMBODIMENT 

Fig.  1  illustrates  a  printhead  10  for  an  ink-jet  printer 
capable  of  gray  scale  and  color  printing,  the  printhead 
10  including  four  ink  nozzle  assemblies  12  and  a  deflec- 

20  tion  assembly  14.  The  printhead  10  is  movable  along 
first  and  second  guide  bars  16  and  18,  respectively,  in 
response  to  software  controlled  movement  of  a  guide 
belt  20.  Each  of  the  ink  nozzle  assemblies  12  is  pro- 
vided  with  an  ink  line  22  connected  to  an  ink  supply  (not 

25  shown)  containing  a  water-soluble  ink.  In  the  exemplary 
embodiment,  the  printhead  10  dispenses  four  different 
colors  of  ink:  cyan,  magenta,  yellow,  and  black.  A  single 
piston  pump  (not  shown)  is  associated  with  each  nozzle 
assembly  12  and  provides  calibrated  amounts  of  the 

30  selected  ink  on  demand.  Each  nozzle  assembly  12  is 
provided  electrical  power  through  a  suitable  electrical 
connector  24. 

Referring  to  Fig.  2,  a  portion  of  the  printhead  10  is 
shown  in  cross-section  to  illustrate  further  details  of  a 

35  single  nozzle  assembly  12  and  a  portion  of  the  deflec- 
tion  assembly  14.  Inkunder  high  pressure  is  forced 
through  a  glass  capillary  tube  26  that  has  an  orifice 
approximately  fifteen  microns  or  less  in  diameter.  A  con- 
tinuous  stream  of  ink  exits  at  a  speed  of  about  50 

40  meters  per  second  and  then  spontaneously  breaks  up 
into  a  stream  of  discrete  droplets.  To  ensure  proper 
droplet  formation,  the  glass  capillary  26  is  mechanically 
stimulated  by  a  piezo-electric  crystal  28.  By  applying  a 
signal  of  one  MHz  to  the  crystal  28,  one  million  equally 

45  sized  droplets  are  formed  every  second. 
During  droplet  formation,  the  ink  stream  is  proxi- 

mate  an  electrode  30  which  is  responsive  to  a  computer 
system  able  to  generate  color  raster  image  data,  and 
the  ink  droplets  formed  are  charged  or  left  neutral 

so  depending  on  the  image  data.  For  example,  application 
of  a  positive  voltage  between  the  electrode  30  and  the 
ink  stream  causes  the  ink  droplets  to  be  negatively 
charged. 

Subsequent  to  charging,  the  droplets  pass  into  the 
55  deflection  assembly  14  which  includes  a  chargeable 

upper  and  lower  deflector  32  and  34,  respectively,  which 
when  appropriately  charged  attract  and/or  repel,  and 
thus  deflect  charged  droplets,  causing  them  to  strike  a 
knife  edge  36,  whereupon  the  droplets  are  directed  into 

3 
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a  waste  ink  disposal  system  (not  shown).  Only  neutral 
droplets  reach  the  print  media  affixed  to  a  rotating  drum 
38.  By  switching  the  signal  voltage  to  the  electrode  30 
on  and  off  at  a  maximum  frequency  equal  to  the  droplet 
formation  frequency,  each  droplet  can  be  individually  5 
controlled  to  either  be  caught  below  the  knife  edge  or 
deposited  on  the  print  media.  It  is  important  that  every 
droplet  be  either  fully  charged  or  uncharged.  Partly 
charged  drops  will  be  incorrectly  deflected  and  mis- 
placed  on  the  print  media,  which  will  degrade  print  qual-  w 
ity.  Synchronization  of  the  droplet  charging  with  droplet 
formation  alleviates  this  problem.  Adjustment  knobs  40 
and  42  are  provided  for  adjusting  the  knife  edge  36  and 
vertical  convergence,  respectively. 

While  the  drum  38  is  rotated,  a  stepping  motor  15 
slowly  moves  the  printhead  10,  via  the  belt  20  axially 
with  respect  to  the  drum  38.  By  monitoring  the  drum  and 
printhead  position,  each  pixel  along  a  line  can  be 
addressed.  In  the  illustrated  embodiment,  each  pixel 
has  a  size  of  0.08  x  0.08  mm2  which  gives  300  dots  per  20 
inch.  The  15  micron  or  less  diameter  of  the  capillary 
tube  26  enables  production  of  droplets  that  are  so  small 
that  they  do  not  cover  the  entire  area  of  a  pixel.  How- 
ever,  by  increasing  the  number  of  droplets  deposited  in 
a  given  pixel,  the  dot  size  can  be  increased.  Because  25 
each  droplet  is  individually  controllable,  the  number  of 
droplets  deposited  in  a  single  pixel  can  be  varied  from 
zero  to  more  than  thirty.  Accordingly,  a  corresponding 
number  of  discrete  density  steps,  true  halftones,  are 
obtainable  in  each  pixel  for  each  color.  30 

Referring  now  to  Fig.  3,  a  printed  piece  of  paper  44 
is  shown  with  one  1/300"  pixel  46  illustrated  in  greater 
detail  to  show  exemplary  size  and  placement  control  of 
the  droplets.  This  control  permits  a  variety  of  printing 
techniques  to  accommodate  different  requirements.  For  35 
example,  dot-on-dot  placement  results  in  images  with 
sharp  edges  and  minimal  image  patterning.  A  second 
technique,  minimal  dot-on-dot  overprinting  between 
colors,  reduces  the  degree  of  rainbowing  and  striation  in 
prints,  an  effect  similar  to  using  a  different  screen  angle  40 
in  conventional  printing.  A  third  technique  involves  print- 
ing  dots  in  patterns  that  resemble  rosettes  for  the  three 
primary  colors  (cyan,  magenta,  and  yellow)  to  minimize 
dot-on-dot  overprinting  between  colors. 

Although  the  exemplary  printhead  1  0  is  configured  45 
for  a  300  dpi  resolution,  the  ability  to  alter  each  dot  (or 
pixel),  thanks  to  the  small  droplet  size  enables  the  reso- 
lution  to  appear  to  be  1500-1800  dpi.  A  critical  compo- 
nent  of  the  printhead  which  enables  it  to  produce  the 
small  droplets  is  the  capillary  tube  26  which  has  an  ori-  so 
f  ice  of  less  than  fifteen  microns. 

Fig.  4  is  a  cross-sectional  view  of  a  portion  of  a  noz- 
zle  assembly  12  including  a  housing  48  and  a  capillary 
tube  26  having  an  orifice  50  at  one  end.  In  an  exemplary 
embodiment  of  the  present  invention,  the  capillary  tube  ss 
26  is  comprised  of  thick-walled  glass  tubing,  such  as 
Flexible  Fused  Silica  Capillary  Tubing,  TSP1  00530 
manufactured  by  Polymicro  Technologies  Inc.,  Phoenix, 
Arizona,  typically  used  for  gas  chromatography.  Fused 

silica  has  a  melting  temperature  of  approximately 
1  ,600°C  and  is  much  less  fragile  than  ordinary  glass. 

The  above-described  capillary  tube  26  has  gener- 
ally  a  500  micron  outer  diameter  and  a  100  micron  inner 
diameter  which  inner  diameter  is  precisely  controlled 
and  concentric.  The  thick  walls  provide  rigidity  and 
strength  to  the  tubing.  Furthermore,  the  product  manu- 
factured  by  Polymicro  Technologies  Inc.  is  covered  on 
the  outside  by  a  thin  layer  of  plastic  52  which  protects 
the  tube,  although  this  protective  layer  is  not  necessary. 

From  the  illustration,  it  is  notable  that  the  orifice  end 
of  the  tube  26  neither  necks  down  nor  is  thinner  walled 
than  the  remainder  of  the  tube  as  would  be  the  case 
with  a  drawn  tube.  Typically,  the  outer  diameter  of  the 
tube  26  of  the  invention,  in  the  vicinity  of  the  orifice  50, 
is  2.5%  -  9%  larger  than  the  outer  diameter  of  the 
remainder  of  the  tube.  In  this  embodiment,  the  plastic 
layer  52  is  removed  in  the  area  of  the  orifice  50. 

Thick-walled  tube  material  is  advantageous 
because  it  provides  rigidity  during  the  manufacturing 
process.  It  also  advantageous  to  use  thick-walled  tube 
material  having  an  inner  diameter  approximating  the 
diameter  of  a  desired  orifice  50,  thereby  minimizing  the 
extent  of  distortion  of  the  inner  diameter  which  occurs 
during  the  forming  process. 

The  orifice  50,  produced  in  the  tube  26  in  a  manner 
described  in  more  detail  hereinbelow  with  respect  to 
Fig.  5,  typically  has  a  diameter  approximately  ten  times 
smaller  than  the  inner  diameter  of  the  remainder  of  the 
tubing,  although  any  extent  of  reduction  is  possible.  For 
applications  having  paper  as  the  print  medium  (or 
another  material  with  similar  surface  characteristics), 
the  diameter  of  orifice  50  is  approximately  10  microns, 
or  more  specifically  9.7  +  0.5  microns.  For  printing  on 
textiles  that  absorb  ink  more  readily  than  most  papers, 
the  diameter  of  the  orifice  50  is  approximately  15 
microns. 

Reference  is  now  made  to  Figs.  5  and  6.  Fig.  5  illus- 
trates  an  apparatus  58  for  creating  a  "pre-orifice"  60,  or 
preliminary  version  of  the  orifice  50  as  shown  in  Fig.  6. 
The  apparatus  58  typically  comprises  an  arc  forming 
unit  62,  such  as  the  PFS300-26  Fusion  Fiber  Splicer 
manufactured  by  Power  Technology  Inc.,  Little  Rock, 
Arkansas.  The  arc  forming  unit  62  comprises  two  elec- 
trodes  64,  placed  close  to,  but  not  at,  the  end  of  tube  26 
for  creating  an  electric  arc  66  with  which  to  soften  the 
tube  26.  One  of  the  electrodes  64  is  grounded  and  the 
other  electrode  64  is  in  electrical  communication  with  a 
high  voltage  source  68.  Typically,  the  amount  of  heat 
generated  by  the  arc  forming  unit  62  and  the  length  of 
time  the  heat  is  provided  to  the  tube  26  are  controllable 
by  operating  the  arc  forming  unit  62  in  a  pulsed  manner 
such  as  by  pulsing  high  voltage  source  68.  Lasers, 
masked  or  confined  flames  or  plasmas  or  other  sources 
of  controllable  concentrated  heat  can  alternatively  be 
utilized  as  long  as  they  are  able  to  achieve  temperatures 
capable  of  softening  the  fused  silica  tube  26  which  has 
a  melting  temperature  of  approximately  1,600°C,  and 
can  heat  the  selected  section  of  tubing  rapidly  enough 
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such  that  the  heating  remains  proximate  to  said  section. 
An  ordinary  gas  burner,  such  as  a  bunsen  burner,  is 
incapable  of  performing  this  task. 

The  electric  arc  66  generates  enough  heat  to 
reduce  the  viscosity  of  the  tube  26  in  the  area  of  pre-ori-  s 
f  ice  60,  and  the  heat  is  greatest  at  the  central  area  of  the 
pre-orifice  60.  Surface  tension  forces  on  the  reduced 
viscosity  material  cause  the  area  to  assume  a  generally 
spherical  shape  (as  seen  in  Fig.  6),  thereby  locally 
reducing  the  inner  diameter  of  the  tube  20  and  generally  10 
increasing  its  outer  diameter. 

As  can  be  seen  from  Fig.  6,  in  the  area  of  the  pre- 
orifice  60,  the  inner  diameter  has  an  hour  glass  shape, 
tapering  from  the  inner  diameter  of  the  remainder  of  the 
tube  26  to  the  inner  diameter  of  pre-orifice  60  at  an  is 
angle  of  convergence  "a"  which  is  between  5  and  25 
degrees  with  respect  to  the  central  axis  of  the  tube  26, 
without  completely  closing  off  the  pre-orifice.  The  inner 
diameter  of  the  tube  26  then  increases  in  diameter  until 
reaching  the  end  of  the  tube  26.  The  narrowest  point  in  20 
the  interior  of  the  tube  26,  labeled  70,  is  known  as  the 
vena  contracta. 

Because  arc  66  provides  very  concentrated  heat,  a 
relatively  narrow  segment  of  the  tubing  is  made  some- 
what  viscous.  The  degree  and  length  of  time  of  heating  25 
are  generally  tightly  controlled  so  that  the  glass  of  the 
heated  segment  does  not  run,  drip,  or  otherwise  exhibit 
the  influence  of  gravity,  nor  is  it  dependent  thereon  for 
assuming  the  required  shape.  Therefore,  the  heating  of 
the  tube  26  can  be  performed  horizontally  or  at  any  30 
other  non-vertical  position  and  no  external  drawing  or 
axial  pulling  is  applied.  Accordingly,  the  increase  in  the 
outer  diameter  is  larger  than  occurs  in  the  manufactur- 
ing  of  prior  art  nozzles,  all  of  which  utilize  drawing  forces 
or  are  otherwise  influenced  by  gravity  or  other  external  35 
forces,  providing  the  tube  26  of  the  present  invention 
with  a  robust  tip. 

The  arc  66  is  operated  until  the  diameter  of  the 
vena  contracta  70,  located,  in  one  embodiment  of  the 
present  invention,  close  to  but  not  at  the  end  of  the  glass  40 
tube  10,  is  at  or  below  a  predetermined  value,  typically 
equal  to  or  smaller  than  (but  not  closed)  the  desired 
diameter  of  the  orifice  50.  Orifice  50,  with  a  diameter 
equal  to  or  larger  than  the  vena  contracta  70,  is  at  or  on 
the  housing  side  of  the  vena  contracta.  Heating  other  45 
than  at  the  end  of  the  tube  26  is  beneficial  in  that  the 
end  of  the  tube  does  not  require  any  preparation.  Addi- 
tionally,  heating  at  other  than  at  the  end  permits  the 
material  to  be  ground  back  so  as  to  ensure  that  the  ori- 
fice  50  is  not  angled.  so 

To  ensure  that  the  hour  glass  shape  of  the  inner 
diameter  is  concentric  and  that  pre-orifice  area  is  evenly 
heated,  the  nozzle  26  is  rotated  during  heating  typically 
via  a  rotating  device  72,  such  as  a  motor  or  a  rotary 
joint.  This  also  ensures  that  the  axis  of  symmetry  of  the  ss 
orifice  50  is  collinear  with  an  axis  of  symmetry  74  of  the 
tube  26.  Rotation  is  possible  over  a  broad  range  of 
rates,  such  as  50  to  1500  RPM. 

After  heating,  the  material  between  the  end  76  of 

tube  26  and  the  orifice  50  is  removed,  typically  via  grind- 
ing  but  any  other  suitable  method  can  be  used.  The 
removal  is  indicated  in  Fig.  6  by  an  arrow  78.  A  signifi- 
cant  advantage  of  the  present  invention  is  evident  dur- 
ing  this  critical  dimensioning  step,  wherein  the  gradual 
restriction  of  the  vena  contracta  70  allows  a  more  con- 
trolled  grinding  or  material  removal  to  be  performed.  In 
an  exemplary  embodiment,  the  vena  contracta  70  is 
ground  back  from  9.5  microns  to  9.7  microns,  an  orifice 
diameter  required  to  make  the  extremely  high  quality 
images  described  hereinabove.  Were  the  taper  to  be 
abrupt,  the  removal  of  sufficient  material  to  cause  such 
a  change  in  diameter  would  be  almost  impossibly  diffi- 
cult  to  achieve  using  present  manufacturing  methods, 
with  predictable  precision. 

In  an  alternative  embodiment  of  the  present  inven- 
tion,  arc  66  is  placed  at,  close  to,  or  slightly  away  from 
end  76  of  tube  26.  The  vena  contracta  70  formed 
thereby  can  be  directly  used  as  the  orifice  50,  without 
having  to  remove  any  material. 

It  will  be  appreciated  by  persons  skilled  in  the  art 
that  the  present  invention  is  not  limited  to  what  has  been 
particularly  shown  and  described  hereinabove.  A  vari- 
ety  of  modifications  and  variations  are  possible  in  light 
of  the  above  teachings  without  departing  from  the  scope 
and  spirit  of  the  invention,  which  is  limited  only  by  the 
following  claims. 

Claims 

1  .  A  nozzle  for  an  ink-jet  printer  comprising: 

a  heat  softenable  tube  defining  an  ink  passage- 
way  having  an  axis  of  symmetry,  a  first  outer 
diameter,  and  a  first  inner  diameter; 
said  first  inner  diameter  converging  to  an  orifice 
having  a  second  inner  diameter  of  between 
less  than  or  about  15  microns  at  an  angle  of 
convergence  between  5  and  25  degrees  with 
said  axis  of  symmetry;  and 
a  second  outer  diameter  that  is  larger  than  said 
first  outer  diameter  proximate  said  orifice. 

2.  The  nozzle  of  claim  1  ,  wherein  said  orifice  has  an 
axis  of  symmetry  collinear  with  said  axis  of  symme- 
try  of  said  tube. 

3.  The  nozzle  of  claim  1  ,  wherein  said  tube  comprises 
fused  silica  having  a  melting  temperature  of  approx- 
imately  1  ,600°C. 

4.  The  nozzle  of  claim  3,  wherein  a  portion  of  said  vit- 
reous  tube  is  covered  with  a  layer  of  plastic. 

5.  The  nozzle  of  claim  1  ,  wherein  said  second  outer 
diameter  is  2.5%  to  9%  larger  than  said  first  outer 
diameter  proximate  said  orifice. 

6.  A  method  of  producing  the  nozzle  of  claim  1  ,  includ- 
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ing  the  steps  of: 

providing  a  heat  source; 
rotating  said  tube  relative  to  said  heat  source; 
and  5 
heating  said  tube  to  a  state  of  reduced  viscos- 
ity,  causing  said  first  inner  diameter  to  con- 
verge  to  less  than  said  second  inner  diameter 
without  applying  an  axial  force  to  said  vitreous 
tube,  said  first  inner  diameter  converging  to  10 
said  second  inner  diameter  at  an  angle 
between  5  and  25  degrees  with  respect  to  said 
axis  of  symmetry. 

7.  The  nozzle  of  claim  6,  wherein  said  heat  source  is  is 
an  electric  arc. 

8.  The  nozzle  of  claim  7,  wherein  said  tube  is  rotated 
in  a  horizontal  position. 

20 
9.  The  nozzle  of  claim  6,  wherein  a  length  of  said  tube 

is  removed  along  said  converging  inner  diameter  to 
define  said  orifice  having  a  diameter  less  than  or 
about  1  5  microns. 

25 
1  0.  The  nozzle  of  claim  9,  wherein  said  length  of  tube  is 

removed  by  grinding. 

1  1  .  A  method  producing  an  ink  jet  nozzle: 
30 

rotating  a  heat  softenable  tube,  said  tube  defin- 
ing  a  fluid  passageway  having  an  axis  of  sym- 
metry,  an  inner  surface,  and  an  inner  diameter 
greater  than  15  microns; 
heating  a  portion  of  said  tube  with  an  electric  35 
arc  to  a  state  of  reduced  viscosity  to  cause  said 
inner  diameter  of  said  portion  to  be  reduced  at 
a  vena  contracta  to  less  than  or  about  15 
microns,  without  applying  an  axial  force  to  said 
vitreous  tube,  said  inner  surface  being  tapered  40 
from  an  unconstricted  inner  surface  to  said 
vena  contracta  at  an  angle  between  5  and  25 
degrees  with  respect  to  said  axis  of  symmetry; 
and 
removing  a  sufficient  length  of  said  tube  to  a  45 
point  along  said  tapered  inner  surface  to  define 
an  orifice  having  a  diameter  between  1  5  and  9 
microns. 

1  2.  An  ink-jet  printing  process,  comprising  the  steps  of:  so 

providing  a  computer  system  capable  of  gener- 
ating  color  raster  image  data  and  print  com- 
mand  signals; 
providing  a  printhead  responsive  to  said  com-  55 
puter  system,  said  printhead  including, 

a  plurality  of  nozzles,  each  said  nozzle 
having, 

a  heat  softenable  tube  defining  an  ink 
passageway  having  an  axis  of  symme- 
try,  a  first  outer  diameter,  and  a  first 
inner  diameter; 
said  first  inner  diameter  converging  to 
an  orifice  having  a  second  inner  diam- 
eter  of  between  less  than  or  about  15 
microns  at  an  angle  of  convergence 
between  5  and  25  degrees  with  said 
axis  of  symmetry;  and 
a  second  outer  diameter  that  is  larger 
than  said  first  outer  diameter  proxi- 
mate  said  orifice; 

a  plurality  of  piezo-electric  crystals,  one 
said  piezoelectric  crystal  associated  with 
each  said  nozzle  for  mechanically  stimulat- 
ing  said  nozzle; 
a  plurality  of  electrodes,  one  said  electrode 
associated  with  each  said  nozzle  for 
imparting  an  electric  charge  to  droplets  of 
ink  ejected  from  said  nozzle; 
a  deflection  assembly  including  a  chargea- 
ble  deflector  for  attracting  and  deflecting 
charged  ink  droplets; 

providing  ink  to  said  plurality  of  nozzles;  and 
depositing  ink  droplets  from  said  printhead  in 
accordance  with  said  color  raster  image  data  in 
each  of  a  plurality  of  pixels,  thereby  forming  an 
image. 

1  3.  An  ink-jet  printing  process,  comprising  the  steps  of: 

providing  ink  to  a  nozzle  including  a  constric- 
tion  narrowing  to  a  cross-sectional  area  of  less 
than  or  about  15  microns  at  an  angle  of  conver- 
gence  between  5  and  25  degrees; 
deflecting  said  ink  in  accordance  with  data  to 
provide  an  interrupted  stream; 
directing  said  stream  toward  a  print  medium; 
and 
scanning  said  stream  across  said  print  medium 
to  provide  a  two  dimensional  ink-jet  image. 

Patentanspruche 

1  .  Dtise  fur  einen  Tintenstrahldrucker,  die  aufweist: 

ein  durch  Warme  erweichbares  Rohrchen,  das 
einen  Durchgang  fur  die  Druckfarbe  abgrenzt, 
und  das  eine  Symmetrieachse,  einen  ersten 
AuBendurchmesser  und  einen  ersten  Innen- 
durchmesser  aufweist; 
wobei  der  erste  Innendurchmesser  zu  einer 
Austrittsoffnung,  die  einen  zweiten  Innendurch- 
messer  von  zwischen  weniger  als  Oder  etwa  1  5 
urn  aufweist,  unter  einem  Konvergenzwinkel 
von  zwischen  5  und  25  Grad  zur  Symmetrie- 
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achse  konvergiert;  und 
einen  zweiten  AuBendurchmesser,  der  groBer 
ist  als  der  erste  AuBendurchmesser  in  der 
Nahe  der  Austrittsoffnung. 

5 
2.  Dtise  nach  Anspruch  1  ,  bei  der  die  Austrittsoffnung 

eine  Symmetrieachse  aufweist,  die  mit  der  Symme- 
trieachse  des  Rohrchens  kollinear  ist. 

3.  Dtise  nach  Anspruch  1,  bei  der  das  Rohrchen  10 
geschmolzenes  Siliciumdioxid  aufweist,  das  eine 
Schmelztemperatur  von  etwa  1  600°C  zeigt. 

4.  Dtise  nach  Anspruch  3,  bei  der  ein  Abschnitt  des 
Glasrohrchens  mit  einer  Kunststoffschicht  is 
beschichtet  ist. 

5.  Dtise  nach  Anspruch  1  ,  bei  der  der  zweite  AuBen- 
durchmesser  2,5  bis  9%  groBer  ist  als  der  erste 
AuBendurchmesser  in  der  Nahe  der  Austrittsoff-  20 
nung. 

6.  Verfahren  zur  Herstellung  einer  Dtise  nach 
Anspruch  1,  das  die  folgenden  Schritte  umfaBt: 

25 
Bereitstellen  einer  Warmequelle; 
Drehen  des  Rohrchens  relativ  zur  Warme- 
quelle;  und 
Erwarmen  des  Rohrchens  in  einen  Zustand 
von  verringerter  Viskositat,  wobei  bewirkt  wird,  30 
daB  der  erste  Innendurchmesser  auf  weniger 
als  den  zweiten  Innendurchmesser  konver- 
giert,  ohne  daB  eine  axiale  Kraft  auf  das  Glas- 
rohrchen  angewandt  wird,  wobei  der  erste 
Innendurchmesser  zum  zweiten  Innendurch-  35 
messer  unter  einem  Winkel  von  zwischen  5 
und  25  Grad  mit  Bezugnahme  auf  die  Symme- 
trieachse  konvergiert. 

7.  Dtise  nach  Anspruch  6,  bei  der  die  Warmequelle  40 
ein  elektrischer  Lichtbogen  ist. 

8.  Dtise  nach  Anspruch  7,  bei  der  das  Rohrchen  in 
einer  horizontalen  Position  gedreht  wird. 

45 
9.  Dtise  nach  Anspruch  6,  bei  der  eine  Lange  des 

Rohrchens  langs  des  konvergierenden  Innendurch- 
messers  entfernt  wird,  urn  die  Austrittsoffnung  zu 
begrenzen,  die  einen  Durchmesser  aufweist,  der 
etwa  1  5  urn  oder  kleiner  ist.  so 

10.  Dtise  nach  Anspruch  9,  bei  der  eine  Lange  des 
Rohrchens  durch  Schleifen  entfernt  wird. 

11.  Verfahren  zur  Herstellung  einer  Tintenstrahldtise,  ss 
das  aufweist: 

Drehen  eines  durch  Warme  erweichbaren 
Rohrchens,  wobei  das  Rohrchen  einen  Durch- 

gang  fur  die  Flussigkeit  begrenzt,  der  eine 
Symmetrieachse,  eine  Innenflache  und  einen 
Innendurchmesser  von  mehr  als  15  urn  auf- 
weist; 
Erwarmen  eines  Abschnittes  des  Rohrchens 
mit  einem  elektrischen  Lichtbogen  in  einen 
Zustand  von  verringerter  Viskositat,  urn  zu 
bewirken,  daB  der  Innendurchmesser  des 
Abschnittes  im  Einschntirungsquerschnitt  auf 
etwa  15  urn  oder  weniger  verringert  wird,  ohne 
daB  eine  axiale  Kraft  auf  das  Glasrohrchen 
angewandt  wird,  wobei  die  Innenflache  von 
einer  nicht  verengten  Innenflache  zum  Ein- 
schntirungsquerschnitt  unter  einem  Winkel  von 
zwischen  5  und  25  Grad  mit  Bezugnahme  auf 
die  Symmetrieachse  konisch  verlauft;  und 
Entfernen  einer  ausreichenden  Lange  des 
Rohrchens  an  einer  Stelle  langs  der  konisch 
verlaufenden  Innenflache,  urn  eine  Austrittsoff- 
nung  zu  begrenzen,  die  einen  Durchmesser 
zwischen  1  5  und  9  urn  aufweist. 

12.  Tintenstrahldruckverfahren,  das  die  folgenden 
Schritte  aufweist: 

Bereitstellen  eines  Computersystems,  das 
Farbrasterbilddaten  und  Druckbefehlssignale 
erzeugen  kann; 
Bereitstellen  eines  Druckkopfes,  der  auf  das 
Computersystem  anspricht,  wobei  der  Druck- 
kopf  umfaBt: 

eine  Vielzahl  von  Dtisen,  von  denen  jede 
Dtise  aufweist: 

ein  durch  Warme  erweichbares  Rohr- 
chen,  das  einen  Durchgang  fur  die 
Druckfarbe  begrenzt,  und  das  eine 
Symmetrieachse,  einen  ersten 
AuBendurchmesser  und  einen  ersten 
Innendurchmesser  besitzt; 
wobei  der  erste  Innendurchmesser  zu 
einer  Austrittsoffnung,  die  einen  zwei- 
ten  Innendurchmesser  von  zwischen 
weniger  als  oder  etwa  1  5  urn  aufweist, 
unter  einem  Konvergenzwinkel  von 
zwischen  5  und  25  Grad  zur  Symme- 
trieachse  konvergiert;  und 
einen  zweiten  AuBendurchmesser, 
der  groBer  ist  als  der  erste  AuBen- 
durchmesser  in  der  Nahe  der  Aus- 
trittsoffnung; 

eine  Vielzahl  von  piezoelektrischen  Kristal- 
len,  wobei  ein  piezoelektrischer  Kristall  mit 
jeder  Dtise  fur  das  mechanische  Stimulie- 
ren  der  Dtise  verbunden  ist; 
eine  Vielzahl  von  Elektroden,  wobei  eine 
Elektrode  mit  einer  jeden  Dtise  verbunden 
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ist,  um  den  Druckfarbentropfchen,  die  aus 
der  Dtise  ausgestoBen  werden,  eine  elek- 
trische  Ladling  zu  erteilen; 
eine  Ablenkungsbaugruppe,  die  eine  auf- 
ladbare  Ablenkplatte  fur  das  Anziehen  und  s 
Ablenken  der  aufgeladenen  Druckfarben- 
tropfchen  umfaBt; 

Bereitstellen  der  Druckfarbe  fur  die  Vielzahl  der 
Dtisen;  und  to 
Ablagern  der  Druckfarbentropfchen  vom 
Druckkopf  in  Ubereinstimmung  mit  den  Farbra- 
sterbilddaten  in  ein  jedes  der  Vielzahl  von 
Pixeln,  wodurch  ein  Bild  erzeugt  wird. 

15 
13.  Tintenstrahldruckverfahren,  das  die  folgenden 

Schritte  aufweist: 

Bereitstellen  von  Druckfarbe  fur  eine  Dtise,  die 
eine  Verengung  umfaBt,  die  bis  zu  einer  Quer-  20 
schnittsflache  von  etwa  15  um  oder  weniger 
unter  einer  Konvergenzwinkel  von  zwischen  5 
und  25  Grad  enger  wird; 
Ablenken  der  Druckfarbe  in  Ubereinstimmung 
mit  den  Daten,  um  einen  unterbrochenen  25 
Strom  zu  liefern; 
Lenken  des  Stromes  in  Richtung  eines  Druck- 
mediums;  und 
Abtasten  des  Stromes  tiber  dem  Druckme- 
dium,  um  ein  zweidimensionales  Tintenstrahl-  30 
bild  zu  liefern. 

Revendications 

1  .  Buse  pour  imprimante  a  jet  d'encre  comprenant:  un  35 
tube  ramollissable  a  chaud  definissant  un  passage 
pour  encre  ayant  un  axe  de  symetrie,  un  premier 
diametre  externe  et  un  premier  diametre  interne; 

ledit  premier  diametre  interne  convergeant 
vers  un  orifice  ayant  un  deuxieme  diametre  interne  40 
compris  entre  moins  de  ou  d'environ  15  microme- 
tres  selon  un  angle  de  convergence  compris  entre 
5  et  25  degres  par  rapport  audit  axe  de  symetrie;  et 

un  deuxieme  diametre  externe  plus  grand 
que  ledit  premier  diametre  externe  a  proximite  dudit  45 
orifice. 

2.  Buse  selon  la  revendication  1  ,  dans  laquelle  ledit 
orifice  a  un  axe  de  symetrie  colineaire  par  rapport 
audit  axe  de  symetrie  dudit  tube.  so 

3.  Buse  selon  la  revendication  1  ,  dans  laquelle  ledit 
tube  est  constitue  de  silice  fondue  ayant  une  tem- 
perature  de  fusion  d'environ  1600°C. 

55 
4.  Buse  selon  la  revendication  3,  dans  laquelle  une 

partie  dudit  tube  vitreux  est  recouverte  par  une  cou- 
che  de  plastique. 

5.  Buse  selon  la  revendication  1,  dans  laquelle  ledit 
deuxieme  diametre  externe  est  de  2,5  a  9%  plus 
grand  que  ledit  premier  diametre  externe  a  proxi- 
mite  dudit  orifice. 

6.  Procede  de  fabrication  de  la  buse  selon  la  revendi- 
cation  1  ,  comprenant  les  operations  suivantes: 

preparer  une  source  de  chaleur; 
mettre  ledit  tube  en  rotation  par  rapport  a  ladite 
source  de  chaleur;  et 
chauffer  ledit  tube  jusqu'a  un  etat  de  viscosite 
reduite  avec  pour  effet  que  ledit  premier  diame- 
tre  interne  converge  jusqu'a  moins  que  ledit 
deuxieme  diametre  interne  sans  appliquer  une 
force  axiale  audit  tube  vitreux,  ledit  premier  dia- 
metre  interne  convergeant  jusqu'audit 
deuxieme  diametre  interne  selon  un  angle 
compris  entre  5  et  25  degres  par  rapport  audit 
axe  de  symetrie. 

7.  Buse  selon  la  revendication  6,  dans  laquelle  ladite 
source  de  chaleur  est  un  arc  electrique. 

8.  Buse  selon  la  revendication  7,  dans  laquelle  ledit 
tube  est  mis  en  rotation  en  position  horizontale. 

9.  Buse  selon  la  revendication  6,  dans  laquelle  une 
partie  dudit  tube  est  enlevee  le  long  dudit  diametre 
interne  convergent  pour  former  ledit  orifice  ayant  un 
diametre  inferieur  a  ou  egal  a  environ  15  microme- 
tres. 

10.  Buse  selon  la  revendication  9,  dans  laquelle  ladite 
section  de  tube  est  enlevee  par  meulage. 

11.  Procede  de  fabrication  d'une  buse  a  jet  d'encre 
comprenant  les  operations  suivantes: 

mettre  en  rotation  un  tube  ramollissable  a 
chaud,  ledit  tube  formant  un  passage  pour 
fluide  ayant  un  axe  de  symetrie,  une  surface 
interne  et  un  diametre  interne  superieur  a  15 
micrometres; 
chauffer  une  partie  dudit  tube  avec  un  arc  elec- 
trique  jusqu'a  un  etat  de  viscosite  reduite  avec 
pour  resultat  que  ledit  diametre  interne  de 
ladite  partie  est  diminue  en  formant  une  veine 
contractee  de  moins  de  ou  d'environ  15  micro- 
metres  sans  appliquer  une  force  axiale  audit 
tube  vitreux,  ladite  surface  interne  etant  en 
forme  de  cone  depuis  une  surface  interne  non 
restreinte  jusqu'a  ladite  veine  contractee  selon 
un  angle  compris  entre  5  et  25  degres  par  rap- 
port  audit  axe  de  symetrie;  et 
enlever  une  longueur  suffisante  dudit  tube 
jusqu'a  un  point  le  long  de  ladite  surface 
interne  conique  pour  definir  un  orifice  ayant  un 
diametre  compris  entre  1  5  et  9  micrometres. 
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12.  Operation  d'impression  par  jet  d'encre  qui  com- 
prend  les  etapes  suivantes: 

prevoir  un  systeme  informatique  capable  de 
produire  des  donnees  d'image  a  trame  de  cou-  s 
leur  et  des  signaux  de  commande  de  I'impres- 
sion; 
disposer  une  tete  d'impression  commandee 
par  ledit  systeme  informatique,  ladite  tete 
d'impression  comprenant:  to 

plusieurs  buses,  chaque  buse  ayant 

un  tube  ramollissable  a  chaud  formant 
un  passage  pour  I'encre  ayant  un  axe  is 
de  symetrie,  un  premier  diametre 
externe  et  un  premier  diametre 
interne; 
ledit  premier  diametre  interne  conver- 
geant  jusqu'a  un  orifice  ayant  un  20 
deuxieme  diametre  interne  entre 
moins  de  ou  d'environ  15  micrometres 
selon  un  angle  de  convergence  com- 
pris  entre  5  et  25  degres  par  rapport 
audit  axe  de  symetrie;  et  25 
un  deuxieme  diametre  externe  plus 
grand  que  ledit  premier  diametre 
externe  a  proximite  dudit  orifice; 

plusieurs  cristaux  piezoelectriques,  I'un  30 
desdits  cristaux  piezoelectriques  etant 
associe  a  chacune  desdites  buses  pour 
stimuler  mecaniquement  ladite  buse; 
plusieurs  electrodes,  I'une  de  chacune 
desdites  electrodes  etant  associee  a  cha-  35 
cune  desdites  buses  pour  conferer  une 
charge  electrique  aux  gouttelettes  d'encre 
ejectees  par  ladite  buse; 
un  ensemble  de  deviation  comprenant  un 
deflecteur  pouvant  recevoir  une  charge  to 
electrique  pour  attirer  et  devier  les  goutte- 
lettes  d'encre  chargees; 

fournir  de  I'encre  auxdites  differentes  buses;  et 
deposer  des  gouttelettes  d'encre  provenant  de  45 
ladite  tete  d'impression  selon  lesdites  donnees 
d'image  a  trame  de  couleur  dans  chacun  des 
differents  pixels,  en  formant  ainsi  une  image. 

13.  Operation  d'impression  par  jet  d'encre  comprenant  so 
les  etapes  suivantes: 

fournir  de  I'encre  a  une  buse  comprenant  une 
zone  a  constriction  se  retrecissant  jusqu'a  une 
region  dont  la  section  est  de  moins  de  ou  egale  55 
a  environ  15  micrometres  selon  un  angle  de 
convergence  compris  entre  5  et  25  degres; 
devier  ladite  encre  selon  les  donnees  afin 
d'obtenir  un  courant  interrompu; 

envoyer  ledit  courant  sur  un  support  d'impres- 
sion;  et 
repartir  ledit  courant  sur  ledit  support  d'impres- 
sion  afin  d'obtenir  une  image  bidimensionnelle 
a  jet  d'encre. 
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